Thirty-six Mycobacterium paratuberculosis isolates of bovine, caprine, and ovine origins were evaluated by using gas-liquid chromatography (GLC), thin-layer chromatography (TLC), and BACTEC 7H12 Middlebrook TB medium (12A; Johnston Laboratories, Inc., Towson, Md.) in an effort to more rapidly differentiate this group of organisms from other mycobacteria. Bacterial suspensions (0.1 ml) were inoculated by syringe into 7H12 broth containing 2 ,ug of mycobactin P per ml and control broth without mycobactin P. Cultures were incubated at 37°C and read daily with a BACTEC Model 301 (Johnston Laboratories). After 8 days of incubation, the growth index readings for the test broths containing mycobactin P were twice those of the control broths without mycobactin P. Sixty-five isolates of mycobacteria other than M. paratuberculosis were also examined. No difference was noted between the growth index readings of control and mycobactincontaining broths. Except for Mycobacterium avium-Mycobacterium intracellulare, TLC studies differentiated M. paratuberculosis from the other mycobacterial species tested. The GLC data reveal that àll M. paratuberculosis isolates had a distinctive peak (14A) which was not found among M. avium-M. intracellulare complex organisms. These data indicate that 7H12 radiometric broth was able to rapidly demonstrate the mycobactin dependence of M. paratuberculosis and GLC and TLC procedures were capable of rapidly differentiating this organism from the other mycobacteria studied.
Mycobacterium paratuberculosis is the causative agent of Johne's disease. This disease produces a chronic enteric disorder among ruminants and eventually results in death of the animals. The disease is found in many parts of the world and is of considerable economic importance (2, 4, 11) . Although immunologic tests have been developed, the accepted means of definitive diagnosis is bacteriologic culture. However, existing procedures are both costly and timeconsuming; often 2 to 4 months are required to isolate organisms from clinical specimens (4, 16, 23) .
Experimental studies have shown that radiometric methods have the potential for rapid diagnosis of human mycobacteriosis (5, 6, 9, 17) . These methods detect microorganisms by measuring the amount of radioactive C02 produced when the organisms metabolize various radiolabeled substrates. Radiometric media were evaluated to determine their ability to sustain the growth of M. paratuberculosis and to demonstrate the characteristic mycobactin growth requirement of this organism.
Mycobactin dependence is one of the primary means of differentiating M. paratuberculosis from other mycobacteria; however, mycobacteria other than M. paratuberculosis have been reported to be mycobactin dependent (13) (14) (15) . As a possible alternative method for differentiating M. paratuberculosis from other mycobacteria, gas-liquid chromatography (GLC) and thin-layer chromatography (TLC) were also evaluated.
A variety of GLC methods have been developed in an attempt to differentiate mycobacteria by identifying their complex mycolic acids. Guerrant et al. (8) used GLC to examine mycolic acid methyl ester cleavage products of several mycobacterial species and showed the potential of this system for differentiating mycobacteria; however, because of the limited number of species tested and the complexity of the methyl mycolates, the methodology had limited practical application. In recent years, GLC profiles of mycobacterial fatty acid methyl esters has appeared more useful for speciating mycobacteria (1, 3, 12, 21, 22) . Tisdall et al. (24, 25) presented an impressive example of using GLC-mass spectrometry of fatty acid methyl esters for the identification of mycobacteria. Of 81 clinical isolates, 64% were identified to species level by chromatography alone and an additional 35% were differentiated to a group consisting of two or three organisms.
A two-parameter chromatography system using TLC and GLC methodology was described by Knisley et al. (10) . This group simplified the basic TLC methodology of Minniken et al. (18, 19) and correlated it with the GLC methodologies of Tisdall et al. (24, 25) and Guerrant et al. (8) . The resulting system permitted rapid, high-yield extraction of mycobacterial methyl mycolates, and when these data were correlated with the simplified GLC fatty acid methyl ester data, rapid identification of mycobacteria appeared feasible. When M. paratuberculosis isolates were subcultured for 6 to 8 weeks on Herrold egg yolk medium containing 2 p.g of mycobactin P per ml (7) . All other mycobacteria were subcultured on Lowenstein-Jensen medium. When macroscopic growth was evident, the organisms were harvested and suspended in a solution containing 0.2% fatty acid-free albumin and 0.02% polysorbate 80. These suspensions were adjusted to a 0.5 McFarland turbidity standard. Portions (0.1 ml) of these suspensions were inoculated with a tuberculin syringe into BACTEC 7H12 Middlebrook TB medium (12A) (Johnston Laboratories, Inc., Towson, Md.) containing 2 ,ug of mycobactin P per ml and into a control radiometric broth without mycobactin. Vials containing 2 mg of mycobactin were reconstituted with 5 ml of 95% ethanol, and approximately 0.01 ml (1 drop from a 21-guage needle) was used to supplement each test broth. All bottles were incubated at 37°C, and growth index (GI) readings were recorded daily for 18 days with a BACTEC Model 301 (Johnston Laboratories). The GI was a measure of metabolic activity in the bottle. A GI reading of 100 was equivalent to 0.025 ,uCi of liberated 14CO2 and has been shown to be a very sensitive means of detecting microorganisms. All M. paratuberculosis-positive radiometric broths were confirmed by auramine staining (20) , demonstration of mycobactin growth dependence on solid media, and no growth on 5% sheep blood agar plates. GLC and TLC studies were performed as described by Knisley et al. (10) broth is shown in Fig. la . During the initial 5 to 6 days of incubation, there was little difference between the control and test broth growth rates. However, after day 6, growth in the test broths containing mycobactin showed a marked increase, whereas growth in the control broths, which lacked mycobactin, stabilized and began to decline. After 8 days of incubation, the GI readings for the test broths were twice those of the controls, and after 13 days of incubation, the test broth GI readings were approximately 25 times those of the controls. Eventually, the test broth GI readings leveled off, and they began to decline after 17 days of incubation. The mean incubation time for the growth of the 36 M. paratuberculosis isolates on mycobactin-supplemented Herrold egg yolk medium was 51 days. The effect of mycobactin on the growth rate of mycobacteria other than M. paratuberculosis is shown in Fig. lb . For the 13 Mycobacterium species examined, there were no differences in GI readings between the test and control broths.
Based on the TLC data, M. paratuberculosis could be distinguished from the other mycobacteria evaluated, except M. avium, M. intracellulare, and the M. avium-M. intracellulare complex (nontypeable M. avium and M. intracellulare isolates) (Fig. 2) . The results of GLC testing of the VOL. 25 (Fig. 3a) . This peak, designated 14A, was absent in the esters of the 15 M. avium-M. intracellulare organisms studied (Fig. 3b) reproducible for the Mycobacterium species examined (Table 1). The fatty acid methyl ester (C18:2) internal standard had a retention time of 8.1 min and corresponded to peak 11. The GLC and TLC testing required 24 to 28 h to complete.
DISCUSSION
The data shown in Fig. 1 demonstrate that the BACTEC Middlebrook 7H12 radiometric broth supplemented with mycobactin was able to support the growth of the 36 M. paratuberculosis isolates of bovine, caprine, and ovine origins and that the mycobactin dependence of these organisms could be rapidly demonstrated by using this test system. Mycobactin dependence was observed after approximately 8 days of incubation. In contrast, cultivation of these isolates on solid media required a mean incubation time of 9 weeks to clearly demonstrate growth.
During the early phase of growth (0 to 4 days), M. paratuberculosis in control broths, which lacked mycobactin, had growth rates paralleling those of organisms in test broths containing mycobactin. This observation may be attributed to the time required for the M. paratuberculosis in the control broths to deplete membrane-and cell wall-bound mycobactin. The growth rate data for the 65 isolates of mycobacteria other than M. paratuberculosis are shown in Fig. lb Since it has been reported that certain M. avium isolates and other unclassified mycobacteria were mycobactin dependent (13) (14) (15) , GLC and TLC studies were performed to confirm that the mycobactin-dependent mycobacteria were M. paratuberculosis. This two-parameter test system circumvented the problems inherent in a single-parameter test system or dichotomous keys. Although TLC data permitted differentiation of M. paratuberculosis from most other mycobacteria tested, the procedure was not able to differentiate this organism from members of the M. avium-M. intracellulare complex (Fig. 2) . However, the GLC data (Fig. 3a) indicated that all strains of M. paratuberculosis tested had a distinctive and reproducible peak with a retention time of approximately 11 min. This peak was designated peak 14A by Knisley (10) . M. avium-M. intracellulare serotype 17 was used to illustrate the absence of this peak among the organisms of this complex (Fig. 3b) . Although the GLC patterns varied somewhat for the remaining 19 M. avium-M. intracellulare organisms tested, they all lacked peak 14A. Similar results were obtained by Chiodini and Van Kruiningen (2), using a single-parameter test system (GLC) to provide preliminary differentiation of M. paratuberculosis from other mycobacteria.
Although the GLC and TLC procedures generally required 10 mg of wet cells, with experience as little as 1 to 3 mg could be used to perform these procedures; hence, if there was sufficient growth on the primary culture medium, direct GLC and TLC studies would be feasible. Although conventional mycobacterial identification may also be initiated with this quantity of cells, GLC and TLC data are available within 24 to 48 h, whereas conventional testing requires significantly more time (4, 11, 16, 20) .
The results of these preliminary studies indicate that the radiometric test system was able to support the growth of M. paratuberculosis isolated from a variety of species and rapidly demonstrate the mycobactin growth requirement of this organism. Using the three parameters of radiometric detection of mycobactin growth dependence and GLC and TLC methods, it was possible to rapidly differentiate this organism from the other mycobacteria evaluated.
